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“You understand something truly only when
you can measure it precisely.” Lord Kelvin

e Measure precise distances -- the basis to physics of stars
and physics of the Universe

e Determine the mass makeup of our Galaxy and the Local
Group

Confucius says “One excellent measurement is better than
many mediocre measurements.”



1990 & 2000 Decadal Reviews Endorse SIM

Astronomy and Astrophgsics
in the New Millennium

-

THE DECADE OF DISCOVERY IN ,

" ASTRONOMY
ASTROPHYSICS

»NATIONAL RESEARCH COUNCIL

e National Research Council

“...emphasized the dual capability of SIM, noting that this capability
would enable “...both... detecting planets and ... mapping the structure of
the Milky Way and other nearby galaxies.”



“No Distance, no physics”

The history of astronomy is entwined with the
determination of reliable distances

- Size of the Galaxy

- Size of the Local Group

- Size of the Universe

- Origin of Gamma-ray bursts

e SIMis a “distance measuring” machine
- Poorly understood objects

- New classes of objects, transients (e.g. PanSTARRS, LSST)
- Rare objects (Neutron Star Systems, Black Hole Systems)

o A “Distance Determination” Key Project will constitute
a powerful legacy to astronomy






SIM’s Reach: the Galaxy

SIM 30 kpc
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A COSMIC PROBLEM: The Ghost of Hubble
(7% is not good enough)

74% Dark Energy

4% Atoms

Precision cosmology is limited by
precision (and accuracy) of
Hubble’s constant

*SIM can undertake a thorough
calibration of Galactic Cepheids
*SIM can measure the distances to
M31 and M33 (rotational parallax)



Shape of our Galaxy
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Simulated 1 Gyr trajectories of our neighbours







Using Gravitational Lenses to

Probe ‘Dark Matter’

Events are detected by

— Brightness enhancement (~days)
— ground based

— Astrometric perturbation (~weeks
to months) — SIM, ~100 pas

Symmetry of astrometric track

‘broken’ by Earth orbit motion

due to lens parallax

— Hence: distance to lens

Derive:

— mass, distance, and velocity of
the lensing object

— Mass function in the Galactic
Bulge of (mostly) dark remnants

200

dI'/d log(M)

150 |
100 |

50 |

Total

log(M/Msun)




Stellar masses - bi

@ O & N o

10
12

P F TR :
Eb%m\ Main E
5 "'\\""-\é) Sequence
= e €— Minimum —
B : Mass 5
| Schaller 1992 Range 3
- 1 Myr p—
8 = g
= ' ¢
b N .
= Heratfe 1908 |
= 10 Myr =
- offsets -
. 0.5M, ~ 1.0 mag 2
- 03 M, ~1.5 mag ]
- 0.1 M, ~4.0 mag < E
: i ¢+ Baraffe 1988 :
= T 5 Gyr s
Ly Ly 2




Fundamental Astronomy &
Fundamental Physics

e SIM has the ability to determine masses of
neutron stars and black holes

- Stellar black holes .. Lab for strong gravity
and lab for jet formation

e Determine the mass scale for QPOs

- Neutron stars ... Lab for dense matter (e.g.
Vela X-1 and equation of state)
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Launching of Jets: Quasars & S‘5433Nagce>;jvmﬁ.1n\A -

stars
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Radio-loud AGN

Expected variability
vector:

along jet axis

Expected color
shift vector:
along jet axis
(up to ~100 pas)

*
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Radio-quiet AGN
Expected variability
and color shift:

small and random
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Emerging Applications

e Realize the full potential of Kepler Mission
- Radius of target stars

- Precision Mass-radius relation for white
dwarfs

e Physics of newly discovered classes of
objects and transients

e High Velocity Stars as probes of our
Galactic Halo

e Determine whether CDM is cusped or not



2005: We were ready!
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Nanometer Control & Picometer Knowledge: Flight Ready Hardware






